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Abstract 
This study considered different influencing factors of the steel slag utilization including environmental benefit, economic benefit, 
technological adaptability and the scale of utilization, and based on the facors , fuzzy mathematical method was built to evaluate 
the steel slag utilization comprehensive benefits. Furthermore, this mode was applied in the benefit evaluation of a certain factory 
which is produced steel and iron slag cement, and “Good” grade was obtained . This mode provides scientific basis for utilization 
benefit of steel slag. 
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1. Introduction 
Steel slag is a solid waste from steel production. It can be categorized as carbon steel slag and stainless steel slag 
according to the type of steel, and as pretreatment slag, basic oxygen furnace slag (BOFS), electrical arc furnace 
slag (EAFS), ladle refining slag (LFS) and casting residue according to the steelmaking process[1].  Steel and steel 
slag annual output of 2014 in China reached 822.7 million tons and 120 million tons respectively. However, the 
current utilization rate of steel slag in China is only 22%, far behind the developed countries like USA, Japan, 
Germen, and France, of which the rate have been close to 100%. In the developed countries, 50% of slag has been 
used for the road project directly, with the remaining part for sintering and iron-making recycling in plant[2]. 
Improving the utilization rate of steel slag is an imperative way for the steel enterprise to realize sustainable 
development. Therefore, it is necessary to evaluate the utilization comprehensive benefit and determine its grade, so 
we can master the basis for decision. The fuzzy mathematical method can be used to evaluate the comprehensive 
benefit. 
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2. The mathematical mode of steel slag utilization fuzzy comprehensive evaluation  
2.1. The basic theory of fuzzy comprehensive evaluation  
In practice, we must make an evaluation of something according to multiple factors or multiple indexes instead of 
only one infector or index. Virtually, this is so-called comprehensive evaluation method. Here evaluation means 
determining merits and bad things in accordance with the given conditions, comprehension means standard of 
evaluation contain multiple factors and multiple indictors. Therefore, comprehensive evaluation is a method used to 
solve problems that include many evaluation factors. In fuzzy mathematics, a multifactor fuzzy comprehensive 
evaluation model can describe this method[3]. 
Let ^ `1 2 mu u uU  Lˈ ˈˈ , this set contains m factors, and ^ `1 2 nv v vV  Lˈ ˈˈ , the set contains n 
standard evaluation. Because each factor has corresponding condition, there effects are not different. As a result, the 
standards of evaluation are also different. Virtually, people cannot make a clear positive or a negative respond to 
every standard. Instead, comprehensive evaluation is a fuzzy set,    1 2 n= b b bB F VLˈ ˈˈ , which is a 
subset of set V . The set B  depends on every factor’s weight, so B  is a subset of fuzzy set U and it can be 
described with    1 2 m= a a aA F ULˈ ˈˈ , and Whe sum of ia  is 1, ia express the weight of factor i . In 
other words, given the weight of A , a comprehensive evaluation B can be given. Therefore, a transformation from 
U  to V  can be established. If ijr  Ls the judge result of evaluation factor iu to remark jv so the judge decision-
making matrix of m evaluation factors is as follows: 
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Where R is the fuzzy connection of U to V and iR  is the fuzzy connection of iu  to V . One fuzzy subclass of 
aggregate V can be worked out by applying the synthetic operation of fuzzy transform, which is the comprehensive 
evaluation result: > @1 2, , , nB A R b b b x  L                                                                                                                           (2) 
Where B  stands for a fuzzy aggregate of V . Fuzzy transform A Rx changes into common matrix calculation, 
which refers to many factors in all directions and is suitable for multi-factors sequence. The calculation can be 
described as follows[4]: 
p
j i ij
i=1
b = min 1 a r j=1,2 m
­ ½® ¾¯ ¿¦ Lˈ ˈ ˈˈ                                                                                                          (3) 
2.2. The establishment of the steel slag utilization evaluation system  
According to the establishment principle of the indicator system, and the actual characteristics of the steel slag 
utilization benefit, the system as follows was built:  
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Fig. 1. The indices system of steel slag comprehensive utilization benefit 
The steel slag utilization benefit was restricted by environmental benefits (U1), technological adaptability (U2), 
economic benefits (U3) and application scope (U4). The restrictive factors of environmental benefit were energy 
saving (u1), resources saving (u2) and carbon emission reduction (u3); the restrictive factors of technological 
adaptability included technical maturity (u4) which was determined by the efficiency of the steel slag processing 
technology, the degree of extension and the technological risk and nine grades international standard TRL9 was 
used to evaluate it[5], the adaptability of itself technique (u5) which mainly considered that coordination between the 
infrastructure condition of the factory and the processing technology, process complexity (u6) which mainly 
considered the complexity of processing technology, the key physical and chemical property (u7); the profit per ton 
(u8) was used to reflect economic benefits visually; the restrictive factors of application scope was reflected by 
annual treatment capacity (u9). In this study, u7 was determined by the average index of the cementation activity 
which is the key physical and chemical property for steel slag application in cement so this index system of steel 
slag comprehensive utilization benefit was suitable for the evaluation of steel slag application in cement. To 
evaluate the benefit of application in the other fields, the other key physical and chemical properties should be 
adopted, for example, the intensity of steel slag and immersion expansion ratio and rigidity should be considered 
when the slag used to road engineering. 
 
2.3. The weight distribution of different indicators  
The weight reflected proportion of every index in the whole-body etiologic factor in a quantitative way. It largely 
determined the effectiveness of the evaluation system. According to the expert assessment, these indices of the 
system and their weight were shown in the table 1. 
Table 1. The weight of different indices  
Evaluation factor Evaluation factor 
Content  Weight  Content Weight 
 
environmental benefits 
 
0.20 
energy saving 0.3 
resources saving 0.3 
carbon emission 
reduction 
0.4 
 
technological adaptability 
 
0.30 
technical maturity 0.2 
adaptability of itself 
technique 
0.1 
process complexity 0.2 
index of the cementation 
activity 
0.5 
economic benefits 0.30 profit per ton 1 
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application scope 0.20 annual treatment capacity 1 
2.4. The determination of the evaluation set and ranking evaluation 
The comment and assignment of different factor grades are as follows: 
Table 2. The comment and assignment of different factor grades  
 
Grad
-e  
 
Factor 
and 
Assign-
ment 
u1 
(MJ/t)
 u2 
 
(kg/t) 
u3 
 
(kg/t) 
 
u4
 
 
u5
 
 
u6
 
u7 
 
u8 
 
(y/t) 
u9 
(wt/a) 
Exce
-llent  
1.0 >100 >1200 >250 >TRL9 Hight 
coordina
-tion 
Concise  >0.8 >200 >10 
Good  0.8 30 600 100 TRL7 Good 
coordina
-tion 
Less 
concise 
0.75 150 8 
Medi
-um  
0.6 10 400 60 TRL6 Medium 
coordina
-tion  
Mediu-
m 
0.65 100 5 
Com
-mon  
0.5 5 200 50 TRL5 Low 
coordina
-tion  
Compl
-ex  
0.55 50 3 
Wors
-e  
<0.4 0 <100 <20 TRL4 Incoordi
-nation  
Very 
comple
-x 
<0.5 <10 <1 
According to the practical situation and the property of steel slag, the assignment of various factors were 
determined could be obtained from Table2, and the interpolation method should be adopted to calculate the 
assignment except u4,u5,u6[6]. For example, a certain steel slag cement plant can produce steel slag fine powder and 
ordinary Portland cement and the power consumption ranged from 32kwh to 40kwh per ton. It meaned that it could 
save 8kwh energy, namely 28.8MJ, so its assignment is as follows: 0.6+(28.8-10)(0.8-0.6)/(30-10)=0.788. As for the 
factors u4,u5,u6,   expert assessment method was used. 
  
2.5. Establishment of the subordinate function  
Based on the membership relation of evaluation grade, we can establish the subordinate function of five grades 
which is respectively “Excellent”, “Good”, “Medium”, “Common”, “Worse”. The function is as follows: 
11
1 1
0.8
0.8 1
0.2
0 0.8
x
x
r x
x
t­° °  ®° d°¯
   (4) 
12
0.6
0.6 0.8
0.2
1
0.8 1
0.2
0 1, 0.6
x
x
x
r x
x x
­  d°° °  ®° t d°°¯
   
       (5) 
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1 0.4
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0.4 0.5
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0 0.5
x
x
r x
x
d­° °  ®° t°¯
     (8) 
Where x is the assignment of different factors’ properties. 
3. Application of the fuzzy comprehensive evaluation model   
Taking a certain steel slag cement plant as an example, this factory import a production line near the slag field to 
produce steel slag cement. This factory has an annual capacity of 200000 tons of steel slag cement. Among them, 
the factory consumed 70000 tons steel slag every year.  
This factory adopted two-stage steel slag crushing technology, and the equipment rates reached 85%. It also used 
steel slag pre-grinding technology so that shorten the grinding time and increase the production. High efficiency and 
energy saving technology reduce the energy consumption. The factor also used the microcomputer control 
technology of ingredients to ensure stable production. In addition, it also adopted the technology of steel slag 
cement early coagulation and early strength to ensure cement performance reached the ordinary cement standard. 
This gross profit of the steel slag cement was 140 yuan per ton. According to statistics, the saving energy of steel 
slag was 28.8MJ per ton, and the saving resource was 1158.3kg per ton, and carbon emission reduction was 235.5kg 
per ton[7]. The technical maturity was evaluated as TRL8, the adaptability of itself technique as “Good coordination”, 
and the process complexity as “Complex” through expert assessment method. The average index of the 
cementation activity was 0.79 between 7d and 28d by measurement.  
By substitution of the assignment into the subordinate function, the results are as follows: 
1
0 0.94 0.06 0 0
0.9305 0.0695 0 0 0
0.9035 0.0965 0 0 0
R
ª º« » « »« »¬ ¼
          2
0.5 0.5 0 0 0
0 1 0 0 0
0 0 0 1 0
0.8 0.2 0 0 0
R
ª º« »« » « »« »¬ ¼
  
> @3 0 0.8 0.2 0 0R  
 
                               > @4 0 0.665 0.335 0 0R    
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3.1. First order comprehensive evaluation  
Each factor weights known as follows: > @1 0.3 0.3 0.4A    > @2 0.2 0.1 0.2 0.5A    > @3 1A    > @4 1A   
In term of (3) curve: 
> @1 1 1 0.64055 0.34145 0.018 0 0R A R x  
:  > @2 2 2 0.5 0.3 0 0.2 0R A R x  
:
 
> @3 3 3 0 0.8 0.2 0 0R A R x  
:
    
> @4 4 4 0 0.665 0.335 0 0R A R x  
:
 
3.2. Second t order comprehensive evaluation 
Each factor weights known as follows: > @0.2 0.3 0.3 0.2A  
:
 
The last fuzzy comprehensive benefit vector was as follows: 
> @
0.64055 0.34145 0.018 0 0
0.5 0.3 0 0.2 0
= 0.2 0.3 0.3 0.2
0 0.8 0.2 0 0
0 0.665 0.335 0 0
B A R
ª º« »« » x x « »« »¬ ¼
: : :
 
  > @= 0.27811 0.53129 0.1306 0.06 0  
By the biggest membership principle, the conclusion of this factory’s comprehensive benefit is “Good”.  
The evaluation model showed that adopting different technology or the evaluation factors are changing, and it 
would affect the steel slag utilization comprehensive benefit. At the same time, different technology and different 
environment also affected the utilization comprehensive benefit. 
4. Conclusion  
(1).This study considered the factors including the environmental benefits, technological adaptability, economic 
benefits and application scope to evaluate steel slag comprehensive utilization benefit. On the base of those factors, 
it established fuzzy mathematical model. 
(2).Using this model to evaluate the comprehensive benefit of a certain steel slag cement factory which took the 
steel slag powder mix with clinker into the cement, and it ranked a “Good” grade. 
(3).This evaluation model is mainly suitable for the comprehensive benefit evaluation of steel slag utilization. It 
is helpful to making rational decision for steel plant to utilize steel slag. 
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